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Abstract
More often than not, large-scale engineering concepts such as those used by creative automotive
manufacturing companies require the incorporation of significant capital outlays and resources
for the purposes of implementation and production of additional configurations. In most cases,
these systems are employed in conditions that are in a constant state of change with regards to
the extenuating macroeconomic conditions, market conventions, and customer demands and
expectations, requiring a constant inspection of both the performance and quality of the
components of the system.
With rising fuel prices and a constantly changing global landscape, unique strategies have to be
developed and used to create value for the stakeholders by taking into account the aesthetic
appeal of the vehicles, their performance, fuel efficiency, and future technological
enhancements, while minimizing manufacturing cost and time to delivery. For example, engine
selection has a significant impact not only on the design architecture of the vehicle but also on
the service infrastructure offered in society. Although strategic management principles hinge on
the conventions of maximizing the expected value of uncertainties, flexibility in the architectural
design of a large scale complex systems along with its current and future applications have to be
taken into account in order to allow the developed systems to not only encompass the theoretical
frameworks of conventional engineering but also metamorphose the theories and constructs of
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modem physics to deliver successful products in conditions characterized by constant geo-
political-social change and increasing global competition.
The intent of this research is demonstrate that innovation and better strategic management of
automotive designs and its implementation within the construct of the market environment will
not only determine the success of the products offered in the short term but also lay the
foundation for the long term growth of the enterprise through modular enhancements and
serviceability opportunities.
Thesis Supervisor: Patrick Hale
Title: Senior Lecturer, MIT Engineering Systems Division
Director, System Design and Management Program
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Chapter One
1.1 Introduction
According to executives and industry leaders within the automotive industry, the key ingredient
for success is innovation. It has even been suggested that, "stagnation in innovations within the
automotive industry is the perfect recipe for regression" (Munson & Posner, 2006). Hence,
companies that incorporate innovation will maintain a strong competitive advantage within their
markets. Modem automotive engineering, together with aerospace and aeronautical engineering,
has for a long time incorporated the elements of tact and strategic management in the
development and use of engineering systems, applying design characteristics that are best suited
to increase performance as well as to reduce uncertainty.
The performance of automotive systems is measured as a value of the engine's capability to
perform the activities for which it was designed, under various conditions. For this reason, the
performance of the automotive system can be measured using tasks, with particular reference to
the general acceleration characteristics of the system (defined in terms of the system's mileage,
trap speed or top speed), deceleration and stopping capabilities, as well as the g-forces that the
system can handle effectively. Additionally, the performance of the system is pitted against
weather conditions (ice, rain and even snow) in order to gauge its behavior in the event of
exposure to those conditions where wear, tear, or complete malfunctions are major cases of
concern and study.
While looking into the feasibility and safety of the system that is being constructed, additional
considerations are made with regards to its assimilability as well as the strategic availability of
the system components. One problem in automotive design is the creation of a system that is
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hard to put together, creating a series of damaged units or those that are assembled having poor
or no tolerance for each other. Strategic engineering thus involves the creation of modules that
are easy to assemble and at the same time deliver the necessary system requirements.
The scale and complexity of system components are factors that have to be taken into
consideration when developing automotive systems. For manufacturers, this amplifies the
challenge faced in the development of such systems (Stolzer, 2004). In response to the market
dynamics in the automotive industry, the uncertainty can thus be expected to increase.
With the increasing intensity of the competition in the automotive industry, there has been a
marked increase in product variety in the past ten or fifteen years. In the United States alone, the
original equipment manufacturers (OEMs), along with those that are primarily concerned with
creating, developing and designing innovations for them, have undergone tremendous changes
and have rapidly incorporated strategic and tactical models that are designed to increase certainty
with regards to performance, reliability, and delivery to schedule.
Additionally, the industry has been faced with the challenge of incorporating robotics within the
automotive systems infrastructure over the last couple of years, allowing for the use of
mechanized systems that are capable not only of working without human interference, but also
with increased performance and reliability. The market has thus become more capital intensive,
as robotics systems require huge investment outlays for the purchase of the associated hardware,
thus creating an avenue for the entry of non-engineering investors whose primary motivation for
involvement is financial gains. Although the incorporation of robots within the market has
resulted in increased productivity throughout the manufacturing industry, a number of manual
operations have been replaced with automation, thereby increasing uncertainty in the products
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created since issues, when they occur, cannot be found in real time. In addition to the purchase of
robotic equipment, the development of automotive systems requires manual tools and equipment
which are equally expensive and labor intensive.
Furthermore, with the creation and implementation of design strategies within the automotive
systems, it becomes increasingly expensive to remove parts or make changes within the system
without having to incur some form of cost in re-development and remodeling efforts. These costs
are not only in terms of financial expenditures, but also in terms of the wastage of time with
regards to the reassembly of the system that had already been constructed. Take for example the
process of vehicle design, manufacture and assembly, which is characterized by customization of
design specifications in order to give each model unique performance, quality and speed
specifications (Stolzer, 2004). For this reason, any improvements that are to be made with
regards to design or performance have to be accompanied by corresponding infrastructure
reconfigurations, most of which, if accepted and passed by the design team, have to be
implemented for the entire production line. This process is time consuming and cumbersome. In
this regard, models that have been designed for a given system cannot easily be implemented in
other automotive designs without making necessary changes to the initial design model.
Although the use of robotics increases the specificity and production speed, as well as accuracy
with regards to the design attributes, a change in the design model requires that the system
software that controls the robots be reconfigured in order to adequately handle the new model.
Hardware changes within the robot systems might also be necessary if the model changes
significantly, creating a strategic challenge within the development industry of how to reuse
these systems efficiently without having to incur the extraneous costs and wastage in redesign
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time. The loss of production quantity with respect to the change of the development design
increases the costs incurred by the manufacturing industry.
Therefore, the combination of the financial intensiveness of the project together with the
difficulties faced in the reuse of the assembly, design and development models makes
automotive engineering systems hard and expensive to create, design and sustain. The scale and
scope of the design thus make it a challenge of strategic and tactical management proportions,
considering the time it takes to construct such systems. With the increased evolution of
uncertainties faced within the automotive industry, the demand for variety within every system
that is created determines the performance and quality of the manufactured systems.
Consequently, the uncertainty within the system becomes the central cornerstone of the strategic,
tactical and management challenges that are encountered in the development and integration of
large-scale complex automotive engineering systems.
This research sets out to examine the challenges that are faced in the creation of automotive
systems, with scenarios that are based on planning, strategic, tactical and management principles,
with a view to determining a planning schema that can be implemented within the automotive
industry in order to create systems that can perform better, even with environmental, mechanical
and internal demands that are hinged on uncertainty.
1.2 The Uncertainty of Automotive Demand
The uncertainty of automotive demand cycles is one of the scenarios examined in most
engineering cases, with most of the cases being attributable to either financial downturns or high
prices of other components that are essential for the completion of the design. Since 2007, the
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automotive engineering industry has had a downward trend in the Dow Jones Stock Exchange,
depicting not only an extremity in terms of market volatility, but also an increase in the levels of
uncertainty facing the market.
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Figure 1: Dow Jones Industrial Average (Years 1931 to 2011)
1.3 Product Development
Following a successful feasibility study, a marketer must develop a full product concept idea on
paper, and then develop it into a physical product that appeals to the customer. Plot models or
small quantities may be manufactured and distributed to encourage trial by the consumers. A
corresponding focus group must be used to test the concept. Management can then come up with
other evaluations to determine the production feasibility of the product.
1.3.1 Introduction Stage
The introduction stage starts where commercialization of the product stops, i.e. at the end of the
product development stage. At this stage, profit is negative because of low sales, low
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distribution, and promotion expenses. Firms with products at this stage experience high
production levels, net losses, and limited distributions and coverage for the product. This stage of
production is very expensive.
1.3.2 Growth Stage
This stage is marked by rapid increase in sales but limited increase in profits. While sales are
increasing, the majority of consumers have not yet adopted the product and production costs are
still high. At this stage of the product life cycle, competitors are typically attracted into the
market and high competition leads to wider distribution and factory costs. Price may fall or
remain stable depending on the industry's cost structure. Promotion may be lowered or raised to
meet the level of competition and therefore, marketers concentrate on strategies like quality
improvement, modification or addition of more attributes to the product. As previously
discussed, such changes may lead to the need to restructure the entire manufacturing process.
1.3.3 Maturity Stage
This is when the marketers are well aware of the products being sold in the market. As
production matures, levels of sales and profit will continue to increase but at a declining rate and
profit may level out. As a result, the level of competition may decrease in the industry because
decreased sales growth means firms are no longer attracted into the market. The maturity stage
lasts longer than any of the other stages in product life cycle and therefore marketers may
continue to concentrate on further product improvements, modification or addition of more
attributes to sustain market share.
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1.3.4 Decline Stage
This is the last stage of the product life cycle. Sales decline due to over capacity, technological
advances, differing tastes and preferences. The result of this is profit erosion, which may result in
the closing down of the firm. Firms that remain may limit their production capacity because of
the shrinking market. Marketers therefore resort to strategies like increasing investments and
divesting from the business.
Additionally, the cost of associated products significantly affects the rate of demand of the
manufactured goods that are produced within the region, with gasoline and electricity being the
primary consideration. Recently, the price of oil has escalated throughout the world, creating
global considerations on the automotive systems that are manufactured in every region. The
increased cost within the gasoline and power generation industries have an obvious impact on the
conspicuous preferences within the consumer market, with most consumers preferring to buy
automobiles that cost less and are more fuel efficient. Strategic and tactical improvements are
thus necessary in the current designs, to decrease the rate of power and gasoline consumption.
This will increase consumer acceptance, and reduce total production and implementation
expenses. A comparison of the sales of cars and light trucks is show in Figure 2.
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Sales of cars and ight trucks In the U.S. retail
market; In millions of units at seasonally
adjusted anal rate.
Figure 2: Sales of Cars and Light Trucks in the U.S.
Additionally, it is hard to determine the preferences of the consumers if new design models are
used for the creation of future products. If new products are made available in the market,
consumers have the discretion to either accept them or reject them depending on the strategic
consumption implementations that are integrated within the new systems as well as the tactical
performance that is exhibited by the systems. The degree of volatility that is experienced in the
industry, with the need for the development of better systems, thus increases the necessity of
coming up with appropriate strategies for system production.
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1.4 Challenges of Automotive System Engineering
There has been a rise in the development of new products and the creation of tools centered on
the creation of automotive systems that not only reduce the inherent risk and uncertainties with
regards to quality and flexibility but also offer intelligent and tactical approaches to be effective.
Most automotive systems now extend beyond the traditional limits of the responsibilities of
simple manufacturing and implementation of development strategies. Strategic planning
decisions have to be made with regards to the incorporation of flexibility within the system,
creating an automobile system that not only incorporates the desired performance but also
increases the assembly capability of the architecture.
The primary challenge faced in the development of service oriented automotive systems is the
modeling and incorporation of systems with other services as well as the nature of their
interaction with the system components. Thus, a strong balance has to be realized with regards to
the existent conflict of requirements and dynamics of the dependent configurations. The key
challenges faced in the development of strategic and tactical automotive designs are listed below.
1.4.1 Service Modeling
> The definition of a suitable service model together with the necessary features for
its implementation
> The creation of an abstract model of the automotive system that is being created
> The capturing of the requirements that are essential for the creation of the system,
together with the expectations of its designers
> The incorporation of multiple vendors and suppliers
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1.4.2 Secure Platform
The offer of protection mechanisms for the developed automated systems against
external access
> The incorporation of highly dependable operating systems within the
development process
1.4.3 Invasive Computing
> The adaptation of dynamic changes within the configuration of the system
> The installation of ad-hoc designs of automotive system communication
The definition of flexibility of automotive systems is hinged not only on the performance and the
quality of the output of the system in accordance with the requirements of the designers and
consumer needs, but also on the market response received after the initial release of the system
and the modifications that can be made if the reception is not satisfactory. The creation of system
flexibility is one of the greatest challenges for an engineer, having the capability of developing
and maintaining competitive advantage as well as increasing the strategic acceptance of a given
product. The manufacture of automotive products aims at achieving low costs in terms of the
competition, reducing machine and human interface, and ensuring higher product quality in order
to increase the success of the products in the market. At face value, the incorporation of
flexibility within the design of an automobile can be accomplished within different aspects of the
architectural system. The various categories of flexibility can be divided into the three main
attributes as shown below. When addressed, it would create a system that is easy to assemble and
change on demand.
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System Architecture
" Allocation of System Components towards Strategic Development and
Increase in Architectural Flexibility Decision Making Processes
" Capacity (Automotive Strategic
> Automotive Technology Flexibility)
" Equipment Technology
e Robotics and Automation
> Automotive Operations
e Shifts Selection
" Time Operation Operational Flexibility
" System Inventory
1.5 Strategic Flexibility of Automotive Systems
The flexibility within automotive systems can be defined as the "capability of the system to
change or adapt with regards to the strategic incorporation of components and tactical
performance, in order to respond adequately to the needs of the consumers, concurrently creating
a competitive advantage for the production company" (Upton, 1994).
The flexibility of automotive systems can be strategically increased through the incorporation of
technology within the manufacturing process of the systems. Within the design and
implementation process of development of new automotive systems, tools and other system
equipment are necessary in order to hold the system components together. Traditionally, the
tools and equipment were used for only one purpose - the geometric application in architectural
construction of automobiles. As flexibility in the development of automobiles has increased over
the years, with the incorporation of robotics and automation to increase the accuracy of
development as well as the total output realized during the production process, tools cannot be
influenced for the purposes of handling multiple models being designed since the variations
between the components within the system are too large. However, the tools can be placed
22 1 P a g e
within the carrier of the system. These can be in the form of turntables that are placed above the
system for the purpose of inserting the right fixtures in place, or the incorporation of other
reconfigurable features within the architecture to move the fixtures back and forth within the
design envelope in order to put the required components in place.
In the world of automotive development and component implementation, General Motors has
created a flexible strategic automotive tool, code named C-FLEX, which is described as a
programmable, automated system development tool that is able to adjust the components of the
body of the automobile created. This technological development has improved the company's
capability to create different architectures using one system. This not only increases the
economic value to the company, but it also frees up floor space for additional production
capacity. In addition to increasing the strategic and tactical design of the models, the cost of
production is reduced and the flexibility of the systems that are created is greatly increased.
1.6 Research Objectives
The automobile industry is currently faced with a myriad of problems. A high rate of
globalization has introduced a high level of competition, creating the likelihood of substandard
products or a redundancy in the quantity of automotive resources produced. Furthermore,
increased safety requirements expected from the industry, together with the voluntary
environmental commitments that guarantee a better working and living environment for
manufacturing companies, have come into the limelight, creating challenges that have to be
overcome from a management and engineering perspective.
Now more than ever, gaining competitive advantage is critical to the success of the enterprise.
Strategy and tact within the production process as well as their incorporation into the product
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that has been developed have to be realized. It is only those companies that incorporate them into
their production stand a chance of prospering in their future investments.
This thesis aims at developing new frameworks within the design, construction, and use of large-
scale automotive systems, looking into the enrichment of certainty in the strategic decisions as
well as the tactical and management initiatives. A selective screening and evaluation of models
that quantify the overall performance of the systems is used. The paper explores decision-making
models in order to create an intractable schema that can be implemented for optimal system
capability. While the purpose of this paper is to give an analysis of the automotive industry with
regards to the challenges that are faced in the development and implementation phases, attention
is focused on the strategic and management levers that can be used to transform the company
into a demand driven enterprise.
1.7 Research Methodology
In order to carry out the research for this thesis, data and opinions were collected from
executives and employees performing various functions within the automotive industry, seeking
not only to clarify some of the major management issues that plague the industry but also to
utilize their insights regarding tactical challenges that are faced during day-to-day operations.
Additionally, a thorough review of relevant literature in the field was conducted, with greater
attention being paid to those resources that highlight the future of the industry and what should
be done to increase its growth. This information is then summed up, carefully evaluated, and a
strategy that reduces complexity, mitigates uncertainty, lowers cost, maximizes resource
utilization, and increases responsiveness is proposed.
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Chapter Two
2.1 Evolution of the Industry
On a global scale, the automotive industry is faced with a wide range of changes, together with
an increasing number of complex issues that not only affect the economic nature of the business,
but also increase its dependence on location and particular development schema, and limit the
options that are available to the manufacturers. With a majority of these factors interacting with
each other to create management and manufacturing dependencies, the automotive industry has
become a sector where strategic implementation of creative and evolving development
technologies is necessary to ensure survival (Stolzer, 2004). These factors occur not only within
the production and implementation process but are induced by the external environment beyond
the control of the automotive manufacturers themselves.
2.2 Globalization and Automotive Market Convergence
With the increase in free trade agreements in most parts of the world, governments have opened
up their borders to external investors allowing them to partake in business activities within their
regions. While this has increased the level of quality that is expected from both local and
international companies, it has also influenced the level of manufacturing and marketing within
the industry, leading to products that are of better performance and value. While this has given
the industry a chance to grow in terms of market coverage, it has also tentatively increased the
opportunity for the entry of some international investors into the market, creating a situation
where the consumers lack trust in the market. The European automotive market, for example, has
25 | P a g e
come under constant pressure for change and strategic realignment by the Korean markets, led
by the world renowned Hyundai, creating a situation whereby most of the consumers trust the
foreign brands more than they trust the local brands. While this international investment might
create a lot of foreign exchange earnings for the investing companies, local companies are often
left without financial backing.
The reverse of this effect is regionalization, which has the implication that the manufacturing
companies have to pay attention to the local tastes and needs of their consumers. With the
creation of the idea of a standardized automated system, development and creation of such
systems within today's market cannot suffice. Another challenge posed by the globalization of
the automotive industry is highlighted in the market convergence that has developed as a result
of the digitization of the market, with almost all of the products being sold under digital
signatures and at a value that is within given digital parameters.
Within the marketing side, the invasion by the digital age implies the creation of new horizontal
and vertical partnerships amongst the manufacturing companies, with all companies creating
only small modules of the entire system, which are then pieced together to create the finished
architecture. This removes the inconveniences of time, manpower and expertise that were
inherent in the traditional designs, requiring that each company create and complete the entire
implementation of a given design without incorporating the resources and manpower of another
company. This practice has given rise to the issue of the partner company holding greater rights
to the finished product and the design and implementation of strategic allegiances between
companies that tactfully alienate others from the market.
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2.2.1 Increase in the Diversification of Consumer Needs and Aggregate
Consumer Buying Patterns
Automotive consumers no longer conform to the traditional, standard norms of market behavior,
requiring that the products that they are to purchase conform to a given set of requirements else
risk market segregation. As a management and strategic marketing decision, the segments
targeted are getting narrower in order to create products that will be satisfactory to the consumers
in terms of performance and aesthetic appeal, while reducing the cost and time it takes to
manufacture these products. Also, due to increased global competition hinged on better quality,
creating brand loyalty has continuously rewarded production companies for the creation of
individualized products. As a result, the manufacturers of automotive systems have come up with
new requirements for the development and creation of the systems.
2.2.2 Acceleration in the Adjustment and Diversification of Promotional
Portfolios
The automotive manufacturing companies have felt the need to shorten the product life cycles in
order to be capable of reacting to the needs of everyday consumers within the markets. The
evolution of the consumer driven market has lead to the increase in variety, quality, and
performance of products. As a result, the product designs and manufacturing infrastructure have
been modified in order to capture the fleeting attention of the consumers, which is increasingly
dependent on time to market and value offered.
27 1 P a g e
2.2.3 Incorporation of Digital Technology in Automobile Products
The inclusion of digital technology in the development and use of automotive products has
existed since the invention of automated cars in 2002, and about 22 percent of the vehicles
manufactured since then have the technology. It has been said that the use of technology
increases the ease of use of the products while not necessarily increasing the performance of
products. In fact, the incorporation of hardware/software improvements and added performance
features increases the complexity of the architecture. This in turn increases weight of the product
and leads to a cost explosion as more components have to be added to the base architecture.
2.2.4 Increase in the Pressure to come up with New Innovative Designs
The automotive design and manufacturing companies are not only incorporating new
technologies within their designs but they are also shortening production lifecycles so as to
increase their throughput. While increasing the company's throughput can be done through the
use of parallel production lines, there is the possibility of developing systems that are not
personalized to the specific needs of individual consumers, resulting in batch products that
resemble each other in design, aesthetic appeal, and sometimes even performance.
Personalization can be achieved by third party vendors and refurbishment companies, which is
most often done at the expense of the consumers.
From a production perspective, the increase in relative flexibility of a given product is the
primary ingredient that is able to increase the innovativeness of a given design. With the
incorporation of flexible production lines, the manufacturing companies are able to incorporate
the individualized designs within their production cycles, without necessarily having to halt the
28 1 P a g e
production process longer than necessary. However, this flexibility cannot be guaranteed through
the sole use of modem technology. New production concepts have to be incorporated within the
design of the product and production lines, systematically increasing the complexity of the
management, marketing and production processes. Outsourcing of these responsibilities is
sometimes necessary to reduce the amount of production burden on the original company,
creating an entirely new management challenge based on the development of marketing and
communication webs.
2.3 Strategic On-Demand Challenge
The million dollar question that is inherent within the industry is whether the automotive
industry can conquer the challenges posed by the competitive market within its capabilities,
turbulent changes within the development and processing phases, and the increase in cost of
manufacturing components required to create the products. The key to success is for the industry
to remain responsive to the growing technological trends, increasingly converting the company
to one that grows with the demand of the market. The on-demand company is thus born, created
through a series of adaptations to the existing system. Problem solving tools have to be created
and installed within automotive systems, creating an evolutionary system able to handle the
changing needs of its clientele.
A common analogy that is used here tells the story of a person who is hungry at lunch time, thus
responsively taking a much needed break in order to replenish his/her dietary needs, then going
back to resume work after those needs have been met. The nutrients contained within the lunch
makes the person resilient against hunger. This feeling is synonymous with that which a
company gets after it has been hit by numerous competitions from the market. The incorporation
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of adaptive measures within the business workplace creates a form of resilience against the
competition, allowing the company to compete at higher level than others within the industry.
2.3.1 Brand Management
This is the form of management necessary for increasing the acceptability of the products that
are stocked within the company, paying attention to past good experiences that people have had
with the company and creating products on the basis of this trust. Within the automotive
industry, this has been highly prevalent with motor vehicle companies marketing their products
on the basis of branded products sourced from the company and which have been declared to be
high quality, luxury vehicles. Ferrari, for example, has been known as a luxury vehicle for
decades, allowing the company to create other products on the side and marketing them through
the "market precedence" that has been created by the brand. This allows the company to
differentiate between products that are manufactured within its production lines from others that
are sourced from their competition.
2.3.2 Consumer Relationship Management
This is the branch of management that deals with the feelings and needs of the consumers,
working to give them what they want when they want it. Within the automotive industry, this is
accomplished in part through market surveys to ascertain the needs of consumers in regard to
what they want, or expect to find, in their automotive products. Incorporating the best of those
features along with those that are offered by their competition increases the focus the company
has on the consumers, as well as the responsiveness that the industry has to change.
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2.3.3 Core Competency Management
This is the field of management that deals with the specialization of development, allowing the
automotive companies to focus on the development of the component that they are best at and
augmenting their products to create one finished commodity (Stolzer, 2004). With the growth of
the repair and spare parts industry, companies have been created that specialize in the design and
development of only some major, or minor, components within a working frame, commonly
outsourcing their services to development companies when required. This allows automotive
companies to focus on their major strengths and developmental specialties, creating value and
resilience within the market and a niche that cannot be outdone by the competition.
2.3.4 Software Management
With the growth and incorporation of software and digital technologies within the automotive
industry, strategic options can be generated by the creation of specialized teams to develop
software that conforms to the needs of the consumers as well as the design specifications of the
engineers, allowing the development of products that seamlessly integrate with one another
without leaving loopholes.
2.3.5 Quality Management
By making quality management a cross-functional prerequisite for the company, competitive
components within the market can be sourced and incorporated into the designs to create
resilience and improved performance.
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2.4 Automotive Flexibility in Systems Architecting
There are several factors that have to be considered in the location of a manufacturing and
distribution plant so that the architected system is cost effective and the distribution flow is
optimized. The major contention here is not only what should be produced but also from which
plant. In other words, demand should not be the only issue to consider but also others factors that
may be sensitive to business challenges. These factors may include the customer preferences,
vehicle architecture, political climate, location of suppliers, local tax laws, etc. With these
considerations, the market place is at the forefront of the business strategy adopted that will
ensure the business will sustain and grow.
Additionally, the product-to-plant relation should be considered carefully since the flexibility of
the manufacturing plant will impact the throughput, quality, and variety of the products being
offered. Extensive studies have been carried out on manufacturing process flexibility over the
years and it has been deemed to be an extremely critical strategy that maximizes profit within the
constraints of limited resources. It counters the downward pressure (price war) brought on by
competing firms. Transforming into the revolution of flexible plants signifies that manufacturers
will be able to lower cost and allow themselves to operate as large plants by capturing economies
of scope and tackle demand uncertainty.
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Figure 3: Capacity Excess within the Automotive Industry
With new innovations that are available today, firms have started devoting the effort and
resources needed to transformation their plants into bigger and more flexible operations. One
notable example is the Chrysler Sterling Heights Assembly plant, which supports multiple
product models. Another example is the General Motors Tennessee Assembly plant which is able
to produce more than five different products on a single line.
Vehicle manufacturers have tried their best to adopt new systems, and as they continue to do so,
they have seen increases in their profit margins since the cost of production is pushed down by
the economics of scope and cross-model scale. Ford Motor Company is now in a position to
produce more than three different vehicles on most of its manufacturing lines while others that
are making the necessary changes to handle flexible production are at the very least able to
produce slightly different styles of a given base design. Toyota and Honda are both well known
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as companies that offer the greatest degree flexibility in producing a variety of vehicles on the
same assembly line. The Honda plant in Ohio has the ability to produce the Civic and the CR-V
with five minutes needed to switch the lines. This has enabled them to meet consumer demand
faster than their competitors.
In locations where profit margin has historically been slim, flexibility is a vital thing to consider
so that the plant can be at the same level of competitiveness with those that have already adopted
it. Although other factors like the escalation in fuel prices can slow down the demand for certain
kinds of vehicles, they also help increase demand for smaller vehicles with higher fuel
efficiency. This change in demand will mean that a plant that is flexible will change its system
swiftly to meet the demand. As such, they are able to maintain production without distorting the
quality of the product.
In contrast to the situation of a flexible manufacturing plant, plants that are inflexible will have
to deal with declining market demand and excess capacity such that their losses will escalate
compared to their competition. They will also require additional investments to handle the
capacity needed for the smaller cars that are now in demand.
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Chapter Three
3.1 Vehicle Attributes
Recent trends have seen vehicle designers being continuously challenged to explore new
technologies in their endless pursuit of the historically conflicting goals of reducing the vehicle's
weight and maximizing safety attributes. The mass efficiency and production cost comprising
particular components usually requires that the components in question be of a specific form. In
such a case, the most efficient form may be an extrusion, a casting, or a box beam that has been
fabricated from stock material. Kaliafetis and Costopoulos (1995) assert that the flexibility of the
fabrication as well as that of the high strength-to-weight ratio must provide the structure with
some significant advantages during vehicle construction.
Additionally, the issue of vehicle safety has become a more important factor amongst vehicle
purchasers. This is noticeable in the sales trends over the last two decades. Keall et al. (2007)
reveals that light trucks have taken up an increasingly higher share of the U.S. market, whilst
their counterparts, the small car segments, have noted a continuous decline over that same
period. Keall and colleagues interpret this dual trend in terms of the higher safety rating of light
trucks than the small cars, and conclude that safety is a key feature desired by the consumer.
What is not in doubt is that larger and heavier vehicles ultimately offer more safety for their
occupants. It is, in fact, proved by great deal of data on the various statistical data bases that
reflect on highway injuries and fatalities. There has, however, been much more difficulty in
attempting to differentiate the effects of the size and weight from a statistical point of view.
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However, it has to be noted that the discrepancies existing in the size and weight between cars is
not new. The light trucks and other vehicles that are on the road are attracting increasing
attention in the highway safety community (Watson, 2007). The goal of such attention is to
design vehicles that will be sufficiently harmonious in body structure, bumper height, the centre
of gravity, and the crush zones, so that crashes between larger vehicles and smaller ones would
not result in the uneven distribution of damage and risk that is the case today (Keall et al., 2007).
Also well known to industry safety expert is the fact that the safety effects commonly attributed
to increased size and weight are not clearly understood by the average person. For instance, one
of the noted effects of increasing the weight of a vehicle is usually to shift the risk of damage or
injury in a collision to the other vehicle involved. The main concern of vehicle manufacturers,
when they are acting in their own self-interest, is that this perception will cause the demand shift
to continue even further.
The design can also be affected by the size of the vehicle's interior dimensions as well as its
luggage space requirements. These factors are, in most cases, based upon the size and intended
usage of the vehicle. Mase et al. (1999) cites the example of the FSV-1, which is a small vehicle
designed mainly for use in the city and for shorter daily driving. At the next level of such
classification, the FSV-2 is deemed to be at the low-end of vehicles that are of the mid-size range
and are designed for longer range driving and a larger luggage carrying capacity.
The size of the engine also determines the structure with reference to the power capacity,
although not exclusively. In most cases, smaller engines with lower power output are used in
smaller vehicles. However, some engines are small in size, but their output is quite high. An
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example is the Bugatti Veyron, which has an engine capacity of 1000 horse power yet is a coupe
type vehicle (Ross & Zellebeck, 2010).
3.2 Cylinders
The engine's cylinder block refers to the structure upon which the rest of any vehicle's engine is
built. This block is precisely machined with holes known as cylinder bores, in which the pistons
are pushed up and down. An engine is usually classified with reference to the number of cylinder
bores and therefore the number of cylinders, the cylinder arrangement, and the valve-train type
that it possesses (Ross & Zellebeck, 2010).
Additionally, many descriptors will include even the location and the number of camshafts as
well as the type of fuel and the ignition systems used in the engine. According to White et al., the
engine's displacement is commonly used to designate engine size. There are, however, times
when different methods may be used to identify the same type of engine. For instance, a Chrysler
2.0 liter DOHC is also as times identified as a 420A or as a D4FE. In such a case, the engine has
a displacement of 2.0 liters and uses dual overhead camshafts, as indicated in the first
designation. On the other hand, the 420A is determined from the vehicle's four valves in each
cylinder, 2.0 liter displacement, and American manufacture (Watson, 2007). Lastly, the
identification D4FE means that the engine in question uses dual overhead camshafts and has four
valves per cylinder as well as a front exhaust (in this case the exhaust's manifold is usually
mounted facing the front of the vehicle).
It is imperative to note that one cylinder cannot produce enough power for the demands of
today's motor vehicles. Thus, most automotive and truck engines make use of three or more, in
some cases up to twelve cylinders. According to Hucho and Sovran (1993), the design of the
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vehicle is also at times determined by the number of cylinders that will be used by the
manufacturer. This in most cases is pre-determined by the use intended by the manufacturer. In
general, a higher number of cylinders indicates a more powerful engine and the greater the
number of power pulses produced by the vehicle in one complete 720-degree cycle, which in
turn produces a smoother running engine (Kaliafetis & Costopoulos, 1995).
In designing a vehicle, the manufacturers try to achieve a balance between power, economy,
weight, and the operating characteristics of the vehicle. As mentioned, an engine with more
cylinders generally runs smoother than those with only three or four cylinders. This is due to less
crankshaft rotation taking place between power strokes; however, adding more cylinders also
increases the weight and production cost of the vehicle.
The cylinders contained by an engine are thus an important element in the overall performance
of the engine's design. This is because each cylinder has a piston that translates back and forth
inside of it, which in turn connects to and then turns the crankshaft. Thus, as more pistons are
working, more combustive events take place in the engine at any given time. Therefore, more
power can be generated by the engine in less time.
The 4-cylinder engines are commonly designed in a "straight" or "inline" configuration whilst
their 6-cylinder counterparts are usually designed in a more compact "V" shape, and are
commonly referred to as V6 engines (Mase et al., 1999). V6 engines have been the engine of
choice for most American automakers because their design is intrinsically not only powerful but
also quiet and still light and compact enough so as to fit into most their car designs.
Historically, the 4-cylinder engine has also lost favor with American auto consumers, because
the design is believed to be inherently slow, weak, and unbalanced as well as short on
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acceleration. However, there was a noted change when the Japanese auto makers, Honda and
Toyota, led a campaign of designing highly-efficient 4-cylinder engines which they incorporated
in their cars around the 1980s and 90s (Mase et al., 1999). This gave the Americans a new found
appreciation for these compact engines, and some Japanese models, like the Toyota Camry, soon
began to outsell American models. This was attributed by U.S. automakers to their belief that
American drivers were more concerned with power and performance and as such they continued
to design their cars with bigger engines. The oil crisis in the 1970s and the years that followed
changed the competitive landscape.
According to Mueller et al., the recent vehicle designs show a lessening in the previous disparity
between 4-cylinder and V6 engines that had long existed. Recent developments have seen
designs that have placed more consideration on the growing demand for high gas-mileage
coupled with lower emission levels. This has made the designers work more diligently in order to
improve on the overall performance of the V6 engine design (Mueller & DeLaurier, 2003). Many
of the current V6 models come closer to matching their gas-mileage and emissions standards
with those of the notably smaller, 4-cylinder engines.
3.3 Piston Displacement
The piston engine is also referred to as an internal-combustion heat-engine. Displacement in
essence refers to the volume of any given cylinder between the top dead center (TDC) and the
bottom dead center (BDC) which is generally measured in cubic inches, cubic centimeters, or
most commonly today, liters (Kaliafetis & Costopoulos, 1995). An engine's displacement acts as
an indicator of the engine size and its eventual power output. In a piston engine, a supply of air-
and-fuel mixture is normally fed into the engine's cylinder where it is compressed before it is
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burnt. Upon ignition, heat energy is converted into useful mechanical work as the high gas
pressure that is generated forces the piston to move back and forth along its own stroke within
the cylinder. Thus, a heat-engine is essentially an energy transformer, converting chemical
energy from fuel into piston movement, which is transmitted by means of a connecting-rod to a
crankshaft (Adam, 1997).
The connection between piston and crankshaft converts the linear piston motion within the
cylinder to a rotary crankshaft movement. In this regards, the piston can therefore be made to
undergo its movement to and fro, with reference to the constraints placed upon by the crankshaft
crankpin's circular path as well as that from the guiding cylinder. This noted backward-and-
forward displacement notable of the piston is what is generally referred to as the
reciprocating motion of the piston. With this reference, the power units have also come to be
generally referred to as the reciprocating engines. Thus, the piston displacement plays a vital role
in the determination of the design of the motor vehicle.
The assertion that piston displacement determines the design of the vehicle is based upon a
number of factors. Amongst them, the more fuel that any vehicle has the capacity to burn, the
larger the amount of energy that the engine of that vehicle can produce. In order to burn more
fuel, the design must put into perspective that more air must also be able to enter the cylinders of
the vehicle's engine. Inherently, the engine's displacement measurement acts as an indicator of
the amount of air entering the specific engine.
The amount of air that is allowed to enter into the engine's cylinders is also controlled by a
throttle plate in the engine. Thus, if the throttle plate is partially or completely closed, a reduced
amount of air will be able to enter into the cylinder at any given time, thereby reducing the
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engine's power output (Kaliafetis & Costopoulos, 1995). Thus, as the engine allows the throttle
plate to open wider, there is an increase in the mass of air that is allowed to enter the cylinders,
resulting in a greater power output by the same engine. A design that allows for more air leads to
the consumption of more fuel and increases the potential power output. Further, as the engine's
speed rises, eventually it will reach to a point where no more air can enter. Any further increase
in the vehicle's speed beyond that point only leads to a loss in power output. Power availability
is thus determined by the displacement and the throttle plate. It is inherent that the amount of
displacement is ultimately determined by the number of cylinders, the cylinder bore, and the
length of the piston stroke. The vehicle design must thus respect these facts with reference to the
power that is pre-determined to be produced by the engine (Adam, 1997).
3.4 Engine Configuration
The inline-four or straight-four engine is an internal combustion engine with all four cylinders
mounted in a straight line, or in a plane alongside the crankcase of the vehicle. Kirkpatrick,
Schroeder and Simons postulate that this single bank of cylinders can be derived from an
orientation in either the vertical or in the inclined plane used by all the pistons driving a
crankshaft. Where the plane is inclined, it can at times be referred to as a slant-four. Where the
design specification is a straight line, it is usually listed either as an 14 or L4.
In the determination of the vehicle structure, the inline-four layout is preferred as it offers a
perfect primary balance that generally confers a certain degree of mechanical simplicity. It is for
this reason that this is an option preferred where one is designing an economical car. However,
the inline-four layout requires much consideration to counter its secondary imbalance. This
imbalance notably causes some minor vibrations in smaller engines. In larger vehicles, the
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vibrations become more pronounced with respect to the engine size and power (Jacob et al.,
2004). This dictates a different configuration be chosen for larger engines. One notable exception
is Subaru, who have incorporated the flat-four engine. It is common practice when developing a
vehicle's structure to first determine the type of engine configuration one wishes to use. Most
commonly, one refers to the market trends. Today's cars mostly use the four-cylinder, with the
V-6 engines coming in second (Ross & Zellebeck, 2010).
The assertion that the engine type determines the structure of the vehicle hinges on the technical
advantages or disadvantages of each configuration on the vehicle structure and performance. In
this respect, the vehicle is supposed to have a structure in which the cylinders can be mounted in
a straight line or on a plane alongside the crankcase. The design could orient the single bank of
cylinders in either a vertical manner or in an inclined plane to ensure that all the pistons drive a
common crankshaft (Watson, 2007).
3.5 Crashworthiness
One of the most important aspects of the structural design of a passenger vehicle is
crashworthiness (Kirkpatrick et al., 2000). While a structural design that seeks to provide
protection against excessive deformation generally favors a stiff structure, any excessive stiffness
inherently acts to reduce the crashworthiness (Watson, 2007), due to the fact that excess rigidity
considerably increases the energy transferred and risk of occupant injury during severe impacts.
The most crashworthy structure is therefore designed in such a manner as to be stiff in some of
its areas to prevention of intrusion into critical areas like the passenger cabin and fuel system,
while at the same time soft in other areas, with the goal of a structural design where the impact
energy is absorbed before it reaches the stiff regions once a crash has initiated.
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Optimization of a vehicle's structural crashworthiness by design has undoubtedly been a
challenging task. This is compounded by the highly nonlinear relationship between the stiffness
in the substructure and the overall crush behavior for any given structure (White, 1985). The full
exploration of the design space is gained through optimization, however, it must be balanced
with the cost and time required to do complex computational analyses which are expensive.
In the creation of a design for a vehicle, the main difficulties are associated with the
computational resources required to create non-linear analysis, such as, crash simulations (White,
1985). As a result, the dominant approach to vehicle design is to use a surrogate model within
the optimization loop of the computational analyses (Jacob et al., 2004).
One of the most common methods of modeling is the response surface method, commonly
referred to as the RSM method. In this method, an algebraic function is developed by capturing
the input-output relationship that exists within a complex function. In the end, the finite element
crash simulation is based upon a small number of sample pairs composed of an input and an
output. While the RSM and other surrogate models have succeeded in application of parametric
optimization for crashworthiness, the ranges of the variables in these design models are typically
fairly limited so as to assure the development of an accurate model when relying on a small
number of samples (Mase et al., 1999).
3.6 Aerodynamics
A vehicle's aerodynamics will also affect its structure, particularly the engine (Mueller &
DeLaurier, 2003). In designing the structure of any vehicle, one must determine the
aerodynamics desired. This mostly precipitates from the type of vehicle in question. In this
regards, the classes of vehicles commonly referred to as super cars and the concepts have unique
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and complex aerodynamics specifications (Hucho & Sovran, 1993). Notably, most of them are
small cars with pointed front end and as such even the size of the engine requires considerable
thought. A further requirement is that they should be as light weight as possible. In recent vehicle
manufacturing technology, this has led to designing vehicles with carbon fiber bodies (Adam,
1997). A leading example of this is the Zagato TZ3 Corsa, which weighs 850 kg, a feat
accomplished by the use of carbon-fiber rich structural design.
Notably, some aspects of vehicle structure will counter other factors. For example, hood and
fender vents act as extra cooling vents, enabling sufficient cooling of engines in minimally sized
engine compartment. Likewise, body panels are made of narrow-gauge aluminum in order to
reduce vehicle weight. Ultimately, engine power and aerodynamics of the car will primarily
determine the structural design of the vehicle.
Ross & Zellebeck (2010) reveal that aerodynamic research initially focused on drag reduction.
Soon thereafter it became apparent that lift and side forces are also of great significance in terms
of a vehicle's stability. One example is the unfortunate side effect that was characterized in some
of the low drag shapes that had been developed during the early 1980s; this created a reduced
stability when the vehicle was being driven in a cross-wind condition. The cross-wind effects are
now routinely considered by most designers, although comprehension of the highly complex and
often unsteady airflow noted in passenger cars has to date remained sketchy.
Experimental techniques and computational flow prediction methods are still in need of
improvement if there is to be any substantial development as to how the necessary physics can be
achieved. The aerodynamic forces and the moments that act upon a vehicle are shown in the
figure below. Further, the force and the moment coefficients therein are defined respectively as:
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Cf= F Cm M
pv 2 ApV 2 Al
In these equations, F is force (lift, drag or side), M is the moment, p is air density, v velocity, A
is reference area and lastly 1 is the reference length. Since the aerodynamic forces acting upon
any vehicle at any given speed are proportional not only to the appropriate coefficient but also to
the reference area (this is usually frontal area), then the product C(f)A is commonly used as the
measure of aerodynamic performance or drag (Jacob et al.).
C/ Force coefficients:
Cmr CI lift
C my Cd drag
Cd Cs side force
Moment coefficients:
Cmp pitch
Cmr roll
Cmy yaw
Velocity:
Vrel Vrel Relative airspeed
Cs
Cmp
Figure 4: Lift, Drag, Side Force and Moment Axes
Further, three key forces are considered to be acting alongside the three, mutually perpendicular
axes. Those forces are the drag, which is defined as a measure of the aerodynamic force that
seeks to resist the forward motion of a car, the lift, which act either upwards or downwards; and
the side force, which will only occur in the case of a cross-wind or if the vehicle is in close
proximity to another vehicle. They act about the center of gravity of the vehicle.
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The moment effect can in most cases be easily noted in a cross-wind condition where the
aerodynamic side force acts forward of the center of gravity causing the vehicle to steer away
from the wind. In extreme cases, it may lead the driver to eventually lose control of the vehicle.
A vehicle's structural design is chosen with respect to these three key forces. For instance, most
fast cars are streamlined with pointed noses so as to be aerodynamically efficient. On the other
hand, the shape of most large vehicles is that the front is more flat.
3.7 Lightweight Steel
N~umerous engine components that have been in use over the years have traditionally been cast
out of iron and steel. However, there have been a lot of refinements in materials and techniques,
leading to significant improvements in this field thereby allowing weight reductions for a given
level of vehicle performance. Advances in steel technologies are being used in the flywheels,
connecting rods, camshafts, crankshafts, cam followers, valve springs, valves, drive chains,
rockers, fasteners, and variable timing systems. Documentation by AISI, such as, the current uses
of the improved steel technologies can be obtained from recent published reports. They can also
be garnered from award-winning engines highlighted by the Ward's "10 Best Engines" in the
recent years (Visnic, 2004).
Most of these recent technological advances are widely utilized in mainstream vehicle programs
in their efforts to make them cost-effective; however, most of the specific cost information is not
yet publicly available. A leading example is the use of specialty steel to reduce mass by at least
10% while enhancing durability and performance.
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Furthermore, AISI-sponsored studies have been able to apply the concept of finite element
analysis as well as other computational techniques in order to select the optimum type of steel in
their efforts to optimize the designs. They estimate a 25% cost savings in some of the cases as
compared to the use of a conventional material.
3.8 Compacted Graphite Iron
Compacted Graphite Iron (CGI) is a rare iron-based material developed by incorporating
graphite and sometimes other materials such as small quantities of titanium. The end result has a
distinctive microstructure that makes it as much as 80% stronger, 40% stiffer and up to twice as
fatigue-resistant as ordinary cast iron (Hucho & Sovran, 1993). Despite the fact that the material
has only in been in limited use for the past few decades, the advances made with respect to metal
casting and machining techniques in recent times have enabled it to come into more common use
and thus to allow high-volume production.
Samples taken from recent engine block applications using CGI demonstrated a range of 10%-
29% (median 15%) weight reduction compared to conventional cast iron (Kaliafetis &
Costopoulos, 1995). Other potential applications include piston rings, brake components,
housings, exhaust manifolds, flywheels, and brackets. CGI is particularly useful in diesel
engines, as its notable strength and resistance to distortion makes it well suited to the higher
pressure characteristic of such engines. This is because it permits a 10% increase in the peak
firing pressure compared to the conventional iron that was previously used (Kaliafetis &
Costopoulos, 1995). The advantage of this durability is even more pronounced when it is
compared to other new engine blocks and cylinder materials, for example, those based on
aluminum silicates, which mainly rely on their characteristic lighter weight.
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Currently, diesel vehicles in Europe are faced with continuing pressure not only to deliver higher
efficiency but also to minimize weight. In this respect, CGI helps by enabling the engine blocks
to be built with characteristically thinner walls while exploiting the material's ability to withstand
much higher cylinder pressures without the distortion that would be expected with conventional
materials (Mase et al., 1999). However, as of 2002, there were only about 5,000 vehicles in
Europe that made use of CGI, mostly because of traditional barriers to the use of higher-volume
and lower-cost production techniques, along with the difficulty of casting and machining CGI
material. There have, however, been considerable advances in foundry and machining processes
in recent years, which have been critical in overcoming these barriers.
Within the United States, the increasing use of diesel fuel is one very important strategy for
improving light truck fuel economy. Consequently, diesel engines are being redesigned or newly
designed for this increasing light duty market, and are making use of CGI to deliver even higher
levels of efficiency (Mase et al., 1999). Significant improvements in the fuel economy of
existing engine applications, such as the Class 2B pickups, can boost interest in models already
known to bear a rather high diesel market share.
In light of this, CGI's ability to withstand high pressures thus determines the design of the
vehicle. In this respect, the design can be much more compact, lighter, and makes efficient use of
existing vehicle designs.
3.9 Gear Box
There has always been a constant need to increase the quality of the gear boxes for motor
vehicles. Since their inception, they have necessitated the continual development of advanced
technologies coupled with their processes, their design, and their production (Adam, 1997).
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Coupled with the imposition of specific rules and regulations, these factors have pressured car
manufacturers to constantly compete.
Some highly acclaimed studies have converged on the hypothesis that the customer inherently
considers the quality of "good" car as one which runs silently. This has inevitably led designers
to develop ways to reduce noise. In this regard, Shenoy (2004) notes that much attention has
been devoted to engine noise reduction, which for a long time had been considered as a
significant source of a vehicle's cabin noise. However, as the engine noise was reduced, it
became clear that noise was coming from the transmission and especially from the gear-box.
The main function of the gear is to transmit the power between a pair of wheels uniformly and
regularly. However, in practice this ideal configuration is not that simple, because there are many
factors that can cause deviations: for instance, it is not enough to ensure that the shape of the
teeth are as accurately realized as possible from a micro-geometrical point of view. In addition,
the transfer of torque requires that the hardness of the material used be free from any form of
elastic tension, and be safe from any form of deformation (Mueller & DeLaurier, 2003). The
gear-box generates a sound composed of discrete frequency tones that are made from the
meshing gears. This sound is determined by the number of teeth that are involved in each
revolution and by the harmonics of the gearbox. Further, these frequencies are at all times
affected by the wheels, because the load transmitted from just a pair of the teeth to another one is
known to generate a noise that called the gear whine. This gear whine first manifests itself as a
mere "whistle", but it has a major influence on the overall noise produced by a vehicle. The key
parameters that influence gear whine are the friction forces and peak-to-peak transmission error.
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Without a doubt, the gearbox can greatly contribute to the overall design of a vehicle's structure
because the gear box must be able to successfully incorporate the above noted factors. The
success of these factors is determined by ability of the vehicle to control the transfer of noise
emanating from the gear box into the interior of the vehicle (Mueller & DeLaurier, 2003).
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Chapter Four
4.1 Strategies that Help Reduce Cost and Increase Market Share
through Common Product Architecture
Numerous manufacturing industries have sought means through which they can minimize their
costs and develop product families via specific platform strategies. These goals can be achieved
by deploying several variants originating from a single product platform, which in the end can
yield considerable savings in terms of time and expense, thereby allowing maximization of
profits (Keall et al., 2007). However, there is a generally accepted theory that product platforms
impose design and component reuse constraints. Such constraints can lead to a compromise in
terms of the performance requirements, especially when there are individually tailored products
or inventions.
There are a number of methodologies that can be used to determine the optimum product
platform architecture. These methodologies are helpful in the determination of common
components between the products, and therefore those that should be characteristic of a specific
product platform (Keall et al., 2007). Despite this, a company involved in the production of a
large number of products needs to identify the total number of platforms that it should deploy,
along with the most appropriate leveraging strategy with respect to the company's targeted
market segments.
However, very little research had previously been carried out on how to determine the optimum
number of product platforms to maximize the overall profitability of the product family. In an
attempt to determine a methodology, the company should determine the optimum number of
platforms upon which it is able to achieve the maximum overall profit that is targeted for a
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specific product family based upon a set of specific assumptions (Jacob et al., 2004). Any
development of such a methodology must be founded upon a careful analysis of the target
market segments and a clear identification of product performance. The price position should to
be characteristic of the segment leaders, and the identification of a multi-level design should
ensure that the company can simultaneously optimize the primary platform as well as the variant
designs. The company attains the benefits of the methodology when it is founded upon a
platform(s) that supports several different vehicle designs and market segments (Adam, 1997).
This would inherently maximize the overall profit, particularly when the company seeks to
pursue primarily a horizontal leveraging strategy.
4.2 Product Platform
It is well known that companies can no longer afford to use mass production as a competitive
strategy. Short product life cycles, changing customer demand, increasing use of technology are
steering the industry towards more niche products and a higher degree of customization. The
paradigm of mass production is being turned on its head and the new paradigm is one of mass
customization. However, to do so companies have to translate economies of scale into economies
of scope. A distinct strategy that allows this possibility is product creation by developing vehicle
platforms and utilizing flexibility is the designs and manufacturing processes to tailor it to the
needs of the individual customer or segment. Robertson and Ulrich (1998) define a platform as a
"collection of assets that are shared by a set of products". These assets can pertain to individual
components, shared manufacturing systems, common engineering processes, or knowledge
resources. In product platform planning, key questions need to be answered, such as:
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> Market value achieved through product differentiation
> Economies of scope relative to the economies of scale
> Future value through design modularization
> Serviceability infrastructure
There are several pitfalls that need to be guarded against; (1) although firms may be able to
achieve high commonality, the products may not be differentiated to a sufficient degree, (2) the
products may be differentiated, however, the related costs are high, (3) a viable platform is
developed but never executed, and (4) the serviceability infrastructure is overlooked. Robertson
and Ulrich (1998) define product planning in terms of three distinct categories:
> Product Plan
> Differentiation Plan
> Commonality Plan
This allows companies to develop products faster, better, and cheaper than the competition.
There are many documented cases of the intrinsic value associated with common platform
architecture. Studies pertaining to the automotive industry have shown that companies that used
this strategy on average gained 5% market growth every year while the laggards lost 2% market
share during the same time frame. When successfully executed, platform planning offers several
benefits, such as, greater market share through niche or differentiated products, reduced
investment/development/production cost, reduced complexity, resilience to market demand
fluctuations, and improved use of service infrastructure. Different architectural choices are
shown in Figure 5 where the goal of manufacturers is to move towards "Architecture 3". The
platform architecture that is ultimately developed must take into account the following factors:
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Resource Availability and Allocation
Product Life Cycles
Anticipated Life Cycles of Competitive Products
Schedule of Production System Changes
Technological Trends
100 ......_. .. Scenario D: productsare very distinctive
and share many parts
-I
Common Parts (/)100
Figure 5: Distinctiveness and Commonality Trade-Off
4.3 SWOT Analysis
A well know tool in determining the strategic focus of an enterprise is the Strength, Weaknesses,
Opportunities, and Threats (SWOT) analysis. It is critical to conduct market research and internal
assessment prior to undertaking this approach. Internal assessment provides a clear understanding of the
strengths and weaknesses of the company while market research yields the opportunities available and
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threats anticipated. It helps to streamline the internal resources with the market need. An analogy would
be that of an expert marksman who is well trained and well positioned with the right equipment to take
out a moving target (changing customer needs) while in contrast another individual is untrained and
poorly positioned and resorts to a short gun blast in an attempt to hit the target. Therefore, manufacturers
and/or integrators have to focus their efforts and investments on their core competencies and strategic
levers to achieve the best possible result for the enterprise to attain sustained growth. The figure below
depicts the building blocks of a SWOT analysis.
External
Opportunities Thrats
How do you everage How do you use
your strenths to your strengths toStrW th benefit from .iniize th. impact
opportunities? of threats?
How do you ensure How wll you fix
your wealsses will weaknesses that
not stop you from can make threats
opportunities? have a real impact?
Figure 6: SWOT Analysis
4.4 Design Structure Matrix
The design structure matrix method (DSM) is utilized to determine the interdependencies (or
lack off) between the different components of a system. It allows the system architect to isolate
parts of the system that are distinct while grouping those that are related. It has proven to be
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powerful tool in managing organizational and product complexity. It allows the user to analyze
and visualize the system as a whole. In using this tool, the system architect is able to balance the
requirements of commonization versus customization. It offers innovative solutions to
decomposition and integration problems. There are two types of DSMs; static and time based.
The former represent simultaneous system elements and are analyzed using clustering
algorithms. In the latter, the ordering of rows and columns indicate time flow and are analyzed
using sequencing algorithms (Browning, 2001). An example of the static DSM matrix is shown
in the figure below.
F G E 0 1 A C81K1J P N 0 R02K20 L M H S T U V
Crankshaft F F 0 0 0 0
Flywheel G @0 G Teami e
Connecting Rods E 0 E 0 0
0SPistons D 0 D 0 009 - 0 0 - 1
Lubrication i e- - 1 0 a - Team 2- -- e
Enine Block A 0 - - 0 A 00@- - 0 - 0
CamshaftNalve Train c - - c 0 - - - - S
Cylinder Heads a1 - 0 - OB10 5 -
Intake MaiflOid K 1 -* - K 1 Team 3 0 e e a
Water Pump/CoohngJ * @e 0J - - . . 0 0 - -0
Fuel System P P * * - 0 0 0
Air Cleaner N - N 0 e 0 0 -
Throttle Body o e 0 go g 0 0 - - 0
EVAP R 0 9 R Team 4 o -
Cylinder Heads B2 00 22 0- 0 0 -
Intake Manigold K 2 0 0 0 OK2 e 0 0 a
A.I.R. o - -0 - 0 49 - g 0 -
Exhaust L - -0 L . 0 0 -
E.G.R. m - - 0 M - - -
Accessory Drive H 0 - 0 - 0 0 0 0 H * - -
Ignition s 00 - 00000 - - 0 0 -0 0 
E.C.M. T 0 - - - -0 a 0 - 0 0 -0 - T O
Electrical System u - 0 -. * 0 - , - 0 0 - - -s - - O O U
Engine Assembly v o o * **0** o * - 00 o o * o * * v
Figure 7: Design Structure Matrix for an Engine
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Conclusion
In this thesis, we have reviewed the uncertainty of automotive demand where the business cycle
has fluctuated from a market demand for larger and more powerful vehicles before the 1970s to
smaller vehicles in the 80s and 90s leading to once again a demand for larger and powerful but
fuel efficient vehicles since the beginning of this century. In recent years, there has been an
explosion of niche vehicle categories and the increasing use of electronic technology to meet the
market needs. Also, globalization and changing customer demand has lowered the barriers to
entry for new entrants. There is a paradigm shift from mass production to mass customization.
As a result, product life cycles have become shorter while flexibility and innovation have
become key requirements to survive and grow.
Manufacturers have begun to realize that they need to focus on economies of scope over scale.
Taking a systems perspective in order to architect the next generation of family of products has
become crucial. It is imperative that companies understand their strengths and weaknesses in
order to capitalize on the opportunities available and counter the threats posed in making their
business resilient to market fluctuations. Thus, more agile and innovative companies that are able
to build on their core competencies and take a long term strategic view towards product
development are the ones that will grow in the years ahead. Strategies, such as, SWOT analysis,
DSM method, common platform architecting, engine selection, flexible manufacturing, and
innovation have become the cornerstones for success.
It is well known that engines are of significant weight relative to the structure of the vehicle.
Their design determines the volume of the engine compartment, weight distribution of the
vehicle, and its overall structural development. Engines to a large extent drive cabin noise,
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vibration, harness (NVH) considerations, overall durability of the vehicle, and its
crashworthiness characteristics. It is analogous to the heart in a human body. A small heart
cannot support a large body while a large heart cannot fit within a small body. The engine
provides the power to propel the vehicle and consumes fuel that the customer has to pay for on a
regular basis. Hence, to a great extent it contributes to the overall customer satisfaction and
brand identity of the vehicle.
As was covered earlier, manufacturers cannot afford to take a shot gun blast approach to meet
changing customer demand. A suggested approach is to develop common chassis architecture,
limit the number of engine offerings, and limit the number of major body styles to the most
popular ones. Specifically, this thesis proposes a 123n strategy where 1 is the number of chassis
platforms, 2 is the number of engine types (lower power and higher power), 3 is the number of
major body styles (cars, light trucks, and minivans), and n is the number of minor variants' to
each of these product building blocks. Having such a focused strategy will reduce complexity
and cost, maximize resources, and increase throughput. It will allow the enterprise to stay nimble
and react to changing market needs quickly.
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